A blotch isolate of peanut stripe virus (PStV) was cloned, sequenced and compared with other full-length potyvirus sequences. The viral genome was 10059 nucleotides (nt) in length excluding the poly(A) tail. Two potential AUG start codons were identified in the 5' non-translated region. Analysis of in vitro translation products from transcripts containing the first 600 nt of the PStV genome indicated that the first AUG (nt 134 to 136) was preferred over the second AUG (nt 146 to 148) for initiation of translation. Within the single large open reading frame, eight processed proteins were predicted.
In general, motifs conserved in other potyviral sequences were also found in the PStV genome. The presence of a 6K protein between the P3 and CI proteins was predicted. An altered amino acid motif, from FI(V)VRG to FMIIRG, within the carboxyl terminus of the P1 protein, separates the PStV sequence from the majority of potyvirus sequences. Based on comparisons with available full-length potyvirus genome sequences, PStV was found to be most closely related to soybean mosaic virus.
The potyvirus group is the largest of the 34 plant virus groups (Matthews, 1982) . The potyviral genome consists of translation-sense, ssRNA that ranges in size from 9471 nucleotides (nt) for tobacco vein mottle virus (TVMV; Domier et al., 1986) to 10326 nt for plum pox virus (PPV; Maiss et al., 1989; Lain et al., 1989) and encodes a single polyprotein which is processed posttranslationally to yield at least eight proteins (Carrington et al., 1990) . The genomes of several potyviruses have been completely sequenced and the proteinase cleavage sites have been predicted for tobacco etch virus (TEV; Allison et al., 1986) , potato virus Y(N strain) [PVY(N); Robaglia et al., 1989 strain] , pea seed-borne mosaic virus (PSbMV; Johansen et al., 1991) , papaya ring spot virus (PRSV; Yeh et al., 1992) , pepper mottle virus (Vance et aI., 1992) , soybean mosaic virus strain G (SMV-G; Jayaram et al., 1992) , turnip mosaic virus (TuMV; Nicolas & Lalibertr, 1992) , PVY-H (Hungarian isolate; Thole et al., 1993) and potato virus A (PVA ; Puurand et al., 1994) . These reports indicate that the genome organization of all potyviruses is similar and the sequences around the proteinase cleavage sites of the polyproteins are comparable within the group. The nucleotide sequence data reported in this paper have been submitted to the GenBank database and assigned the accession number U05771.
We have completed the cloning and sequencing of the blotch isolate of peanut stripe virus (PStV) and have combined this sequence with the previously published sequence of the 3'-terminal 1367 nt (Cassidy et al., 1993) . The entire PStV genome, minus the poly(A) tract, consists of 10059 nt and is therefore one of the larger potyviral genomes. PStV was purified from Nicotiana benthamiana or Lupinus albus according to published protocols (Reddick & Barnett, 1983) . RNA was isolated from virions by proteinase K (10 ~tg/ml) and SDS (1%) treatment followed by phenol--chloroform extraction and ethanol precipitation. Purified RNA was used as the template for random or oligo(dT)-primed cDNA synthesis using SuperScript RNase H reverse transcriptase (Gibco-BRL) according to the manufacturer's instructions. The second strand was synthesized using DNA polymerase I and RNase H. The ends of random-primed cDNA were made flush using T4 DNA polymerase and ligated to pBluescript SK + digested with EcoRV or pUC 19-digested with SmaI and transformed into Escherichia coli XL1-Blue (Stratagene) or DH5ct (Gibco-BRL) (Sambrook et al., 1989) . DNA inserts of 2.5 kb or larger were prepared for sequencing by using the TN-1000 transposon system (Strathmann et al., 1991) or by subcloning smaller fragments into pUC19. Plasmids carrying the largest viral cDNA inserts were selected for sequencing. Double-stranded plasmid DNA was used for sequencing on an Applied Biosystems model 373A DNA sequencer using a fluorescent dye-labelled dideoxynucleotide terminator kit (Applied Biosystems) or by manual sequencing using Sequenase Version 2 (USB). The fulllength PStV sequence was assembled from overlapping clones from which both strands had been sequenced. Areas of remaining ambiguities (less than 5%) were resolved by sequencing with specific primers closer to the regions in question.
To obtain a clone containing the complete 5' end of the viral genome, first strand cDNA primed with an oligo(dT) primer was tailed with dC using terminal deoxynucleotidyl transferase (Promega). Pfu DNA polymerase (Stratagene), oligo(dG)2o, a primer complementary to nt 955 to 974 of the PStV genome and the tailed product were used in a thermocycle reaction for amplification of the 5' region. The product of approximately 1000bp was gel-purified, ligated to pUC19 digested with SmaI and transformed into E. coli DH5~ cells. The nucleotide sequence of several 5' end clones was determined. The sequence of the viral RNA 5' end was confirmed by RNA sequencing (Mierendorf & Pfeffer, 1987) using reverse transcriptase and a primer complementary to nt 64 to 81 of the RNA.
The complete sequence of 10059 nt and the predicted translation product are shown in Fig. I . The 5' nontranslated region of PStV is 133 nt, is rich in A and U residues (68 %) and has two blocks of nucleotides that are conserved in other potyviruses (Turpen, 1989) ; the first is the sequence AAGACAACA (nt 21 to 29) and the second is UCAAGCAAGCAAC (nt 68 to 76). The 3' non-translated region of PStV is 252 nt in length and has been described previously (Cassidy et al., 1993) .
Two potential initiation codons were identified at positions 134 to 136 and 146 to 148. To determine which of the two initiation codons was being used for translation initiation, a plasmid containing the SP6 promoter and 4.5 kb of the 5' region of the PStV genome was linearized by digesting with EcoRI and in vitro transcripts were synthesized using SP6 RNA polymerase (Stratagene). The resulting 600 bp transcripts were used in a cell-free wheatgerm in vitro translation system (Promega) and labelled with either [aSS]methionine or [3H]leucine. The translation products were separated by SDS-PAGE and transferred onto a Problott nylon membrane (Bio-Rad) according to the manufacturer's instructions. The appropriate protein bands were cut from the membrane and sequenced (Applied Biosystems, model 477A protein sequencer). The fractions corresponding to each amino acid from the amino terminus were collected and the radioactivity was monitored using a scintillation counter.
The first initiation codon within the nucleotide sequence has a G residue at the -3 position and a G at the + 4 position. The nucleotides surrounding the second initiation codon contain an A at the -3 position and a U at the +4 position. As demonstrated by Kozak (1981) , functional initiation sites most frequently have either an A at the -3 position and any nucleotide at the +4 position or a G at the -3 position and a purine at the +4 position. The fractions of in vitro-translated [a~S] methionine-labelled products collected from the protein sequencer showed peak counts at amino acid positions 1, 4 and 5 (Fig. 2a) . This result suggested that translation initiated at the first AUG codon and that the resulting product had undergone partial posttranslational cleavage of the initial methionine. The first and fifth radioactive peaks represent the methionine residue of the unprocessed protein and the peak at position 4 represents the internal methionine of the processed protein. This type of post-translational modification of the initial methionine has been demonstrated previously in eukaryotic systems using the cell-free wheatgerm translation system (Boissel et al., 1988) . The peak at position 12 from the fractionated [3H]leucinelabelled in vitro translation product supports the results obtained from the fractionated [35S]methionine-labelled in vitro translation product (Fig. 2b) .
The predicted proteolytic cleavage sites are presented in Fig. 1 and in the proposed PStV genomic map (Fig. 3) . These cleavage sites were assigned by comparison to the consensus sequences of published potyviral cleavage sites Oh & Carrington, 1989; Dougherty & Parks, 1991; Mavankal & Rhoads, 1991; Johansen et al., 1991; Riechmann et al., 1992) . For many potyviruses the P1/HC-Pro cleavage site has been positioned 24 amino acids downstream from the consensus motif FI(V)VRG (Yeh et al., 1992) . In PStV, an FMIIRG sequence was identified 22 amino acids upstream of the cleavage site. We also identified a potential NIa cleavage site between the P3 and CI proteins of PStV that would liberate a second 6K protein (6K1) which has been shown in TuMV to be cleaved in vitro (Nicolas & Lalibert~, 1992) . The function of this protein is unknown.
The amino acid similarities of the gene products of PStV compared with those of other potyviruses are shown in Table 1 . By comparison the P 1 and P3 proteins are the least conserved among the potyviruses whereas the remaining proteins have a relatively high degree of similarity.
We have identified several important conserved sequence motifs within the PStV genome. In HC-Pro of PStV, a cluster of cysteine residues predicted to form a 'zinc finger' was found, C(Xs)C(Xls)C(X2)C, with slight deviation from other potyviruses, between amino acids 471 and 524 of the polyprotein. A nucleotide-binding motif, VAVGSA_KST, was present in the PStV CI protein, starting at amino acid residue 1382 (the two amino acid differences from the consensus are underlined). The potyvirus CI protein has been demonstrated AAAAATTAAAACAAC TCATA AAGACAACAAAGAATACAAAC GCATC CAAAA'FFF FI'ATC TTTCAC TC TCAA(k2AAC CCAAGCTACC C GTTCA'ITI~TAAAG CATTC TAATATC'ITI'Iq'AC~ 121
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TTTCGGC CACC CATCAAGGAAG AAAGAGTGTGTATGGTGGGAACTAA~DITICAAGAGAAGAGCCTr AGAGCCACAGTGTC'IXIAATCCTC AATGGTGCTACC GGAGGGAGTTGGATCFI"I~ 7081
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Gq~'TATGAGTAAGCCGGAAGAACCATTGCAATAGCGAGGGCATGCAG AGTGATTCTATCATGTGTCATGAGATAG CTACGGCAATGC'FI'GTTGTTCC A 10059 amino acid). The valine (V) is conserved at the -4 position from the cleavage site (/), X represents nonconserved amino acids, and the glutamine (Q) at the cleavage site is conserved except at the NIa-VPg/NIaPro junction where it was a glutamic acid (E). Amongst all potyvirus NIa proteins, highly conserved cysteine and histidine residues are present within the active centre of the protease domain (Carrington & Dougherty, 1987; Maiss et al., 1989) . This region in PStV was found between amino acid residues 2326 and 2345 of the polyprotein. The NIb protein of PStV contained the consensus sequence motif, SGXXXTXXXNT-30aa-GDD, which is conserved in both animal and plant positive-stranded viral RNA-dependent RNA polymerases (Kamer & Argos, 1984) . This polymerase motif was found in the PStV NIb protein beginning at amino acid 2726. A second consensus motif, VCDADGS, which is also believed to be involved in the putative RNA-dependent RNA polymerase activity (Allison et al., 1986; Domier et al., 1986 ) is present in the PStV genome at amino acid positions 2663 to 2669 as YCHADGS. The 80 % amino acid similarity with CP of SMV indicates that these two viruses are most closely related amongst the potyviruses for which the genome has been fully sequenced. When comparing sequences of other potyviral CP genes, six isolates of bean common mosaic virus (BCMV) were found to share over 90 % amino acid similarity with the CP sequence of PStV. sequence similarity between the 3' non-translated regions of the BCMV isolates and PStV was also greater than 90 %. These data suggest that PStV could be a strain of BCMV. Previous evidence obtained using chromatographic peptide profiles of potyviral CPs also suggested that PStV could be considered a strain of BCMV (McKern et al., 1992) .
